Linalool, a small monoterpene molecule, is used widely for its flavoring and fragrant properties in many cosmetic products. In this work, we investigated the antiproliferative effect of two different linalool solutions on RPMI 7932 human melanoma and NCTC 2544 normal keratinocites cell lines using the trypan blue method. Morphological changes in cells were investigated by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). In addition, apoptosis was evaluated using caspase 3-antibody. Linalool showed a selective inhibitory effect on the growth of melanoma cells in a concentrationdependent manner, inducing several morphological changes, as revealed by SEM and TEM analysis. Moreover, the labelling for caspase-3 is abundant in the melanoma cells and almost absent in the normal keratinocites cells. The results suggest that linalool could be used as drug and/or as model drug for developing potential therapeutic agents for melanoma.
Melanoma is the most aggressive form of skin cancer and its incidence has increased rapidly in recent years. It is resistant to conventional chemotherapy, and, for this reason, it is important to identify novel chemopreventive agents that can either reduce or control its growth [1] . Nature is a rich source of a wide variety of active compounds for pharmaceutical applications and their study has led to the discovery of many antitumor drugs such as taxol, camptothecin, vinblastine and vincristine [2] .
As reported in recent studies, natural small molecules such as linalool possess anti-tumor activity against several human tumor cell lines [3] . Ravizza et al. [4] reported that linalool combined with doxorubicin increases the cytotoxic activity of anthracycline in the multidrug resistant cell line; Loizzo et al. [5] reported antiproliferative activity of linalool against some solid tumor cells such as amelanotic melanoma cells and renal adenocarcinoma cells, while the activity of linalool on HepG2 and MCF-7 cells were investigated by Paik et al. [6] and Usta et al. [7] .
Chemically, linalool is a monoterpene commonly found as a component of essential oils of several aromatic plants such as lavender (Lavandula officinalis), coriander seeds (Coriandum sativum) and Spanish Broom flowers (Spartium junceum ) [8] . It is also used in vitamin E synthesis, added to processed food and beverages, to perfumes, cosmetics and soaps, as well as to household detergents and waxes for its flavoring and fragrant properties. It has been reported that linalool possesses antimicrobial, antibacterial, antifungal and antiviral effects, as well as antiinflammatory, analgesic and local anesthetic activities [9] . The aim of this study was to investigate the antiproliferative effect of linalool on human melanoma cell line RPMI 7932 and normal keratinocite NCTC 2544 cell line used as control. Both linalool solutions showed a strong antiproliferative effect against RPMI 7932 cells, as reported in Figure 1 . Linalool showed a selective inhibitory effect on the growth of RPMI 7932 cells in a concentration-dependent manner. Compared with normal keratinocites, significant differences were observed in the number of viable cells treated with linalool solutions (Figure 1 ). No antiproliferative effect was observed indicating that keratinocites are more resistant than melanoma cells. By contrast, RPMI 7932 cells treated with linalool showed several ultrastructural changes, such as chromatin rearrangements and condensation, nuclear fragmentation and formation of many fragments similar to apoptotic bodies (Figure 3 ). Within the cytoplasm, a high number of vesicles were observed by TEM, whereas surface blebbing was shown by SEM. These morphological changes suggest that linalool probably induces apoptosis in RPMI 7932 cells. Taking this into account, we studied apoptosis using caspase-3 antibody.
Labelling for caspase-3 was absent or weak in both NCTC 2544 cells (control and treated); in fact the intensity of labelling was weak in NCTC 2544 cells treated with linalool, as shown in Figure  4 (A-B) .
A slight increase in the expression of caspase-3 was detected in RPMI 7932 cells, but the signal is evident in the cytoplasm. Enhanced caspase-3 immunostaining was observed in RPMI 7932 cells (human melanoma cell line) after treatment with linalool and the fluorescence signals were detected into the nucleus (Figure 4 C-D) .
The intracellular translocation of active caspases can be critical for the development of the apoptotic process [10] . For example, a deficiency in the relocalization of active caspase-3 into the nucleus, associated with the impaired subsequent proteolytic cleavage of specific nuclear proteins, has been shown to be responsible for the resistance of non-small cell lung cancer cells to undergo apoptosis [11] . In conclusion, further studies are needed to clarify the molecular mechanism of the antiproliferative activity of linalool on melanoma cells.
Experimental
Cell culture and treatment: RPMI 7932 cells were grown in sterile RPMI 1640 medium supplemented with 10%, v/v, fetal bovine serum (FBS), 2 mM L-glutamine, 50 U/mL penicillin, 50 μg/mL streptomycin (all from Sigma) and were incubated at 37°C in a fully humidified atmosphere of 5% CO 2 and 95% air. NCTC 2544 cells were used as a normal keratinocyte cell line, for comparison with the cancer cell line. NCTC 2544 cells were grown in sterile MEM (EBSS) medium supplemented with 10%, v/v, fetal bovine serum (FBS), 2 mM L-glutamine, 1% non-essential amino acids, 50 U/mL penicillin, 50 μg/mL streptomycin (all from Sigma) and were incubated at 37°C in a fully humidified atmosphere of 5% CO 2 and 95% air. RPMI 7932 and NCTC 2544 cells were seeded on 6-welled plates at a density, respectively, of 5x104 and 3x104 cells/well in the culture medium. Twenty-five μL of 2 different linalool solutions (5.60 μM -solution 1; and 0.56 μM -solution 2) were added to the RPMI 7932 and NCTC 2544 culture medium so that the total incubation volume did not exceed 3 mL. (-)-Linalool solutions were prepared in ethanol immediately before use. In all the experiments, the treatment in the presence or absence of linalool started at the third day from seeding. The cells in the presence or absence of linalool, were successively trypsinized and centrifuged. All experiments were performed using cells in the exponential phase of growth. The cell number and viability were determined by the trypan blue exclusion method using a hemocytometer. Each experiment was repeated at least 3 times with duplicate samples. The data were expressed as mean ± standard deviation and statistical analysis for Scanning electron microscopy: Cells were seeded onto microscope slides, cultured and treated under the same conditions as those used in the cell culture and treatment. Cells were fixed with 3% glutaraldehyde solution (pH 7.3), washed in buffer and post fixed with 1% osmium tetraoxide solution (pH 7.3). The cells were then dehydrated in a graded series of alcohol for 5 min each, processed in hexamethyldisilazane (HMDS) and allowed to dry. Samples were then coated with gold-palladium under an argon atmosphere using a gold sputter module in a high-vacuum evaporator. Samples were then observed by SEM LEO 420 (LEO Electron Microscopy Ltd, Cambridge, England).
Transmission electron microscopy:
Cells were seeded onto microscope slides and treated, fixed and dehydrated, as described for SEM analysis. After dehydration, cell pellets were embedded in resin/propylene oxide mixture. Ultrathin sections were stained with uranyl acetate followed by lead citrate. They were observed by TEM EM 900 Zeiss.
Confocal laser scanning microscopy:
Cells were incubated for 30 min in a moist chamber with 20% normal serum to block nonspecific sites and were then incubated overnight at 4°C with a monoclonal antibody (mAb) raised in rabbit against caspase-3 (Sigma-Aldrich Chemical Co., St. Louis, MO, USA).
After several washes in PBS, fluorescein-isothiocyanate conjugated -globulin goat anti-rabbit (Sigma-Aldrich Chemical Co) was used as the second antiserum at a dilution of 1:20 for 30 min in the dark at room temperature. Finally, cells were counterstained with propidium iodide (1:200, Sigma-Aldrich), which binds to ribonucleic acid and labels cell nuclei and, after brief rinsing with PBS, were mounted. In order to check the specificity of the immunolabeling (negative control), primary antibody was substituted with non-immune normal serum. The sections were analyzed using a Leica TCS SP2 confocal laser scanning microscope (LSM).
